A considerable variety of methods have been employed in attempts to facilitate the production of experimental infections and to enhance the opportunity for successful "takes" of transplanted tissues. The use of genetically homogeneous strains of animals within a given species has proved of great advantage in the transplantation of normal and neoplastic mammalian tissues. Certain sites, such as the anterior chamber of the eye and the testis, seem to favor or allow the growth of malignant or embryonic cells foreign to the species. The chorio-allantoic membrane of the avian egg is frequently utilized to grow or culture a variety of organisms, viruses, and tissue cells of alien species. Roentgen irradiation, alterations in body temperature, atypical dietary conditions, and various routes and methods of inoculation have been employed in attempts to decrease host resistance to the foreign microorganisms or tissue cells. Many dyes, India ink, and certain metals have been used allegedly to 'blockade" the phagocytic defense mechanisms of the animal. Tissue extracts (especially the "spreading factor" of Duran-Reynals) have been utilized to increase the rate of spread of infectious processes. Workers in the science of bacteriology have used several substances of a viscous nature to aid in the production of experimental infections.
Gastric mucin is frequently used to promote bacterial infections. Suspension of the microorganism in a solution of mucin prior to inoculation definitely favors infection.5 6 If inoculated in an aqueous solution of mucin considerably smaller numbers of bacteria can be used to produce an infection.4' Also, the presence of mucin seems to increase the pathogenicity in experimental animals of several bacteria which produce disease in man but to which the usual laboratory animals are not susceptible.1' 4' The purpose of the present study was to determine whether or not gastric mucin will affect the growth of transplanted tumor cells or the reaction of the host's tissues to these cells.9
Materils and methods Auimals: Sixty-nine C3H mice (males and females, 80 to 100 days of age) received subcutaneous or intraperitoneal injections of tumor tissue suspended in normal saline with or without the addition of mucin. Thirty-two of these animals received simultaneously at one site an injection of the tumorsaline suspension and at another site the tumor-saline mucin mixture. Table 1 shows the treatment received by the various groups of animals.
Since the general features of the growth of the tumor tissue had previously been determined as the result of transplantation to more than 200 C3H mice no animals were needed for immediate control data.
The Tumor: The tumor used for transplantation in this study was a lymphosarcoma which had originally developed in the mediastinum of an estrogen-treated C3H mouse.2 3 Similar lymphoid tumors (Fig. 1) Tumor-mucin-saline mixtures were made by adding the saline-tumor suspension to the desired amount of the saline-mucin solution. The mucin* solution was made by adding (slowly) 1 gm. of ground (in a mortar) mucin to a warm solution of normal saline. Then the whole saline-mucin solution was boiled for 10 to 20 minutes. Thereafter the water lost by evaporation was replaced and the solution was allowed to cool. In some instances unboiled mucin solutions were used as a control method. But, since the boiled and unboiled mucin solutions had the same effects on the growth of the transplanted tumor cells, boiling was adopted as a standard procedure since it facilitated preparation of the mucin solution. Table 1 presents the concentrations of tumor tissue and mucin used as well as the route of injection, period of observations, etc. Usually the mucin solution was added to the tumor-saline suspension immediately prior to injection. In one instance, however, the combined tumor-saline-mucin mixture remained in an electric refrigerator (60 C.) for 3.5 hours prior to injection. As will be discussed later the exposure of the tumor cells to mucin for this period of time did not in itself affect their proliferative powers. Tumor-saline suspensions which had been stored in the refrigerator for 8 to 10 hours were successfully transplanted. The animals were examined daily and any palpable masses or other relevant external signs were noted. At autopsy the appearance and location of all masses and nodules were recorded, the suspected tumor tissue was weighed and then fixed in a modified Lavdowsky's solution.8 Paraffin sections were stained in the usual fashion with hematoxylin and eosin.
Observations
The results of the experiment are shown in table 1. Tumor growth resulted in the majority of cases (21 of 25) when the mucintumor mixtures were injected intraperitoneally. In contrast, no permanent and progressive growth ensued subsequent to subcutaneous injection of the same mixtures (31 animals). Also, the same mixtures minus the mucin always resulted in successful transplantation and growth upon injection either subcutaneously or intraperitoneally. When injected into the same animal the suspensions of tumor cells to which mucin had been added grew when injected intraperitoneally but did not grow or "take" in a subcutaneous site. Neither boiling of the mucin solution nor the length of time during which the neoplastic cells had been exposed to this material (in vitro at 60 C. for 3.5 hours) were factors in the inhibition of the growth of the transplanted tumor tissue. Rapid proliferation of the neoplastic cells attended intraperitoneal inoculation of tumor tissue which had been exposed to these conditions (14 animals).
From the 5th to 15th day after subcutaneous transplantation small nodules could be palpated. Usually these were no longer evident by the 21st day. Only S of the 31 animals which received subcutaneous injections of the tumor-mucin material showed nodules (or any indication of the injection-site) when examined later than 14 days after transplantation. In general, the nodules contained a decreasing number of the neoplastic lymphocytes as the interval after injection increased. Concomitantly the number of polymorphonudear leukocytes decreased and the number of lymphocytes and tissue macrophages increased. One of the nodules taken at 21 days still contained some tumor cells (lymphocytes) as well as scattered polymorphonudear leukocytes and numerous focal collections of usual lymphocytes (Fig. 2) . This would seem to indicate that such a nodule might develop into a larger tumor. However, ten animals which had palpable nodules during the 10-to 1 5-day interval (subsequent to transplantation) were not autopsied until 30 to 100 days later and no tumors were present in any of them. Other nodules taken at 21 to 24 days contained no tumor cells (Fig. 3) . The remaining 23 animals which were autopsied at 21 to 24 days after injection showed no evidence of the tumor cells.
The subcutane'ously injected com!bination of tumor cells and mucin did not educe a severe inflammatory reaction. The response in all instances was limited to a very small area. In the majority of the animals there was no gross or microscopic evidence of this reaction later than 24 days after injection. However, when compared to the reaction elicited 'by the injection of tumor cells suspended in saline alone it was evident that the mucin definitely increased the "foreign body" reaction in the subcutaneous connective tissues. Apparently it was increased to such degree that the tumor cells were destroyed.
Discussion
It was demonstrated that mucn did not favor the growth of transplanted neoplastic cells. In a subcutaneous site the inflamma-tory reaction elicted iby the mucin caused destruction of the tumor cells. In an intraperitoneal site the mucin had no effect except in four cases. The variations in the fate of the tumor cells were perhaps due to the differences in the size of the areas involved in the reaction of the tumor cells. In the subcutaneous site a small "pocket" or focus was involved and a great concentration of leukocytes and macrophages was present there. It would seem that the tumor cells were sequestered and destroyed. In the peritoneal cavity the tumor cells and mucin were dispersed over a relatively large area and the reaction elicited was not effective in destroying the tumor cells. A possible explanation is that the mucin-tumor mixture was not sufficiently irritating to alter the morphological integrity of the serosal lining of the peritoneal cavity and evoke any considerable response on the part of polymorphonuclear leukocytes or to stimulate any appreciazble activation and formation of macrophages.
Previous investigations concerned with the induction of infections by means of bacteria suspended in solutions of mucin have not indicated that the site of inoculation was an important factor in the mechanism. Such studies have shown that the number of phagocytic cells in the area of inoculation is increased by the presence of mucin. Further, the rate and amount of phagocytosis appeared to be either the same (as without mucin) or increased. Mucin seemed to inhibit the bactericidal powers of phagocytic cells, in that intracellular destruction of certain bacteria did not take place.6 The suggestion that mucin gives the microorganisms a "protective" covering is supported by the finding that if they are "coated" with mucin the usual dyes will not penetrate this artificial capsule and stain the microorganism.7 It has been reported that mucin increased the virulence of some bacteria but not of others.' These workers found that the "virulence increasing" factor of mucin was present in the protein fraction and not in the carbohydrate; and further, that agar and fractions obtained from the diphtheria bacillus also possessed "virulence increasing" properties.
The present study demonstrated that the mucin did not protect malignant lymphocytes. On the basis of this it would seem that mucin increased the host's resistance to subcutaneously injected tumor cells 'by locally augmenting the usual "foreign body" and inflammatory reactions.
The inhibitory effect of mucin upon the growth of transplanted tumor cells was limited to those cells with which the material was in direct contact. Intraperitoneally injected mucin did not alter the growth of subcutaneously transplanted tumor tissue and the presence of mucin in a subcutaneous site had no effect upon intraperitoneally inoculated tumor tissue.
It is not considered likely that mucin hindered growth of the transplanted tumor cells as the result of augmenting the growth of adjacent colonies of microorganisms. The histological sections did not substantiate such an explanation. A few small colonies of bacteria were present, but this was not different from the condition frequently observed in the rapidly growing tumors resulting from the injection of tumor cells suspended in saline. To eliminate completely the possibility of local bacterial infections affecting the growth of tumor cells it would be necessary to use some method which would destroy any organisms present in the transplant and yet would allow the presence of viable tumor cells.
The presence of a rapidly growing intra-abdominal tumor was not responsible for preventing the growth of the subcutaneously transplanted neoplastic cells, since tumors did not appear in the 10 animals which received only a subcutaneous injection of tumor tissue suspended in a solution of mucin.
Sumnary and conclusions
In mice, gastric mucin did not favor growth (upon transplantation) of a lymphosarcoma. Tumor growth did not follow the subcutaneous injection of these neoplastic lymphocytes suspended in a solution of mucin in normal saline (31 animals). Tumor growth attended intraperitoneal injection of the same material in 21 of 25 animals.
Transplantation (subcutaneous and intraperitoneal) was always successful when the tumor tissue was injected as a suspension in normal saline or directly grafted as a small piece of tissue.
Apparently, the mucin inhibited growth of the transplanted tumor by augmenting the local "foreign body" and inflammatory processes to such a degree that the neoplastic cells were destroyed. The limited areas involved in the subcutaneous sites seemed to favor these processes which destroyed the tumor cells. In the peritoneal cavity the reaction was not sufficient to prevent effectively the growth of the transplanted tumor cells. This was perhaps due not only to the greater size of the area involved but also to the apparently mild inflammatory response of the serosal lining and of other possible phagocytic elements of this site to the mucin-tumor mixtures.
